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A flexible lance and drive system (10) extends through manhole (12) into blow down lane (14) of a pressurized water reac- 
tor (PWR) steam generator secondary side assembly (16). The system (10) includes a support rail (18) passing through the man- 
hole (12) and along the blow down lane (14). A transporter (20) is suspended for I comotion along the support rail (18). A flexi- 
ble lance (24) extends through the transporter (20) and can be driven by the transporter into tube bundle (26) to a greater or lesser 
extent as required to observe and/or clean sludge deposits (28) within the tube bundle (26). High pressure hoses (34), nitrogen 
purge line (36) and Tiber optics cable (32) is supported by a spacerless hosebar structure (38). The hosebar structure (38) is integ- 
rally formed from a flexible plastic material in a single piece. 
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FLEXIBLE LANCE AND DRIVE SYSTEM 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application, copending, commonly assigned 
Application Serial No. 07/027,810, filed March 18, 1987 
and Application Serial No 07/, filed January 27, 1989, 
5 both titled "Flexible Lance for Steam Generator Secondary 
Side Sludge Removal," are directed to related inventions. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention : 

10 The present invention relates generally to an 

improved form of the flexible lances and systems disclosed 
in the above related applications. More particularly, it 
relates to such a flexible lance and system in which 
performance of the lance and system is enhanced in the 

15 areas of strength and flexibility, durability, fluid 
delivery at high flow and pressure, access to a difficult 
to access geometry and locomotion within the difficult to 
access geometry. 

2_s — Description of the Prior Art: 

20 The flexible lances and systems in the above related 

applications represent a substantial improvement in the 
art for accessing and cleaning a difficult to access 
geometry, such as in sludge removal on the secondary side 
of pressurized water reactor (PWR) steam generators in the 

25 nuclear power industry. However, certain elements of the 
designs disclosed in those applications and unforeseen 
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characteristics o£ the steam generators and tha sludge 

sLnoT TV UnCS Sy " M 

5 lance th ^ ^ "* •« the flexible 

tha i' ^ Pr " SUre ° f Mter deli — d through 

dasW C " ^ U,ht intertUbe Cleara " CC - In th = '"vious 
designs, tha systems performed thair operations on tha 
st a. g whUe posU ^ ^ eentrsi ^ 

Pipe. This operation node United acce« i-„ • ^ 

porter. Vl evxng the -bade side" of the tali sludge pile 
exxstrng in tha steam generator was difficult due to the 
low operating elevation of the system transporter. 

15 SOWftRY OF THE INVENTION 

nro„-r° rdin9ly ' " iS a " ° bjeCt o£ this ihvantion to 
prov.de a £1 « ible lance f „ _ ^ 

tal planr etry '"""^ fleXi " U ^ " if horiron- 

a fle I L i la an r her 0b3eCt ° f lnVenti °" t0 »* 

ve"ii:r P :a„a ance - ith a - increasad - -s 

It is a further object of the invention to provide 
such a flexible lance which is able to deliver an n- 
creased volu„. of cleaning liguid at an increased pros- 

orovid! StU1 anOU>er ° bi '' Ct 0t the invention to 

Icy as a 7 I T '' ^ "** * 
ity as a result of its simplified construction 

, .J* U ^ in0ther ° bje=t ° f *** i"«"ion to provide 
a system incorporating such a flexible lance which i, able 

«\ c o c :«ed po t ions of a ditficuit to — ^ 

are located adjacent to an access opening to the geometry. 

orovid V StU1 fUrthSr ° b3eCt ° £ the invention to 

LTsid / SyStM " ith ^ *o view a 

bacx sxde of a tall sludge deposit in the difficult to 
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access geometry. 

The attainment of these and related objects nay be 
achieved through use of the novel flexible lance and drive 
system herein disclosed. A flexible lance in accordance 
5 with this invention has an integrally formed support 
comprising a pair of flexible, longitudinally extending 
strips and a plurality of bars joining the pair of strips. 
The plurality of bars each have at least one correspond- 
ingly positioned aperture. At least one fluid carrying 
10 hose extends along the pair of strips through the aper- 
tures of the plurality of bars. 

A drive system in accordance with this invention has 
a flexible means for accessing an assembly having a dif- 
ficult to access geometry and a transporter for the 
15 flexible means for accessing. A means in the transporter 
extends the flexible means for accessing from the trans- 
porter. A drive rail extends from an access hole of the 
difficult to access geometry. A transporter drive means is 
connected between the transporter and the drive rail. 

The attainment of the foregoing and related objects, 
advantages and features of the invention should be more 
readily apparent to those skilled in the art, after review 
of the following more detailed description of the inven- 
tion, taken together with the drawings, in which: 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of a flexible lance 
and drive system in accordance with the invention in use. 

Figure 2 is a side view of the flexible lance shown 
30 in Figure l. 

Figure 3 is a top view of the flexible lance of 
Figure 2. 

Figure 4 is a front view of the flexible lance of 
Figures 2-3. 

Figure 5 is a side cross-section view of a portion of 
the flexible lance and drive system of Figures 1-4. 
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Figure 6 is . thematic front view of the flexible 
lance ana drive system of Figures 1-3 i„ use . 

DETAILED DESCRIPTION OF THE INVENTION 

FigureT'tl " dra " in9S ' D0Ce P«ti«l«l, to 

10 of this invention extending through manhole l 2 into 

assLT " ° f ^ m 9en «" or «— «T sid. 

assembly is. The system 10 includes a support rail i, 

P-lng through the manhole » and along Z Mo! do™ 

alono t: trMSp0 » er » is —Pend.d for locomotion 

along the support rail „. A flexible lance 2 4 extends 
through the transporter ,0 and can be driven by the 
transporter into tube bundle 2 6 to a greater or lesser 
extent as reguired to observe and/or clean sludge deports 
28 vithin the tube bundle 26. deposits 

2-4 Teh S ° £ ^ " eXible lMCe " m = h °»" - 

VioeoProb' fT"" h ° S " " -d 

VideoProbe fiber optics cable 32 are supported bv , 

spacerless bosebar structure 38. The hosebar stricture 3a 

is int.gr.lly formed from a flexible plastic mat a 

e rin * a""" f"". UVaila " e — * «- t«de»arx 
incLdi ' Pl * Ce - The hMeb « "ructur. 3, 

ng str S iB :T; "* ^ f *="° d ' Wtudinally extend- 
" I " "closing flexible safety cables 44 

ance » t """"^ """^ " «» 

0 or « i rePe " ln9 £aCet * a ShiPe 48 ot «» "rips 

1 other " t0 " faceted shape „ on 

the other strip 42 or 40 by a vertical bar SO The 

ntr lt: 6 50 have passa9ea 52 *** - ho™ 

beside tb^ 1 PMS ' VSrtiCal b " S 50 d « ine «— « 

whe s Ior St " PS 40 ^ 42 ' w^h sprocket 

transporTr 2 0 ' ""^ ^ 24 «» 

block 56 on the front of the flexible lai , c . 24 . The 
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nozzle block 56 has a plurality of removable, precision 
machined, high pressure orifices 58 connected to the high 
pressure water hoses 34 to provide water jets 60 for 
removing the sludge deposits 28. The middle water jets 60 
5 converge for maximum sludge removal effect. a nitrogen 
nozzle 62 is directed at lens 64 of VideoProbe camera 
system 66. The fiber optics cable 32 of the VideoProbe 
camera system 66 provides illumination from a remote light 
source for making an area adjacent to the nozzle block 56 
10 inside the tube bundle 26 visible. 

Details of the transporter 20 and the rail 18 to 
which it is attached for movement along the blown down 
tube 14 are shown in Figure 5. The transporter 20 has a 
barrel 70 in which the flexible lance 24 is carried along 
the blow down lane and through which the flexible lance 24 
is driven into the tube bundle 26. A lance drive motor 72 
is connected to turn sprocket wheels 74 for advancing and 
retracting the flexible lance 24 in the barrel 70. The 
barrel 70 can be pivoted on its longitudinal axis through 
about 120* in order to. provide different orientations of 
the flexible lance within the tube bundle 26. Tilt drive 
motor 76 is connected to the barrel 70 through gears 78 
for this purpose. Drive motor 80 is connected to drive 
gears 82 for propelling the transporter 20 along the rail 
25 18. The rail 18 has an integral gear rack 84 which meshes 
with the gears 82 for this purpose. The electric motors 
72, 76 and 80 are all equipped with proportional speed 
control. Emergency releases 85 and 87 of a conventional 
nature are provided for the lance drive motor 72 and tilt 
3 0 drive motor 76. An emergency release (not shown) is also 
provided for the drive motor 80. These emergency releases 
allow quick disconnection of the transporter 20 to 
minimize exposure of personnel to radiation should the 
transporter 20 become contaminated. 

For sludge lancing and inspection, the transporter 20 
is suspended from the geared support rail 18. F r viewing 
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now .lot, and tube support pl.t.,. the support rail is 
"verted, and the transporter sits on top of the rail la. 

ITZ\ ^ " PPOrt " ~™ th " the transporter 

" can be drrven directly to a desired intertube gap 66 

' W 1) . without pausing at intervening intertube gaps 

• LT" transporter 20 does not engage th. tubes 
blow , , tUte bUnd1 ' " dUrin9 » r °* ul *i°n along the 
caul fT " ' ^ P ° tantiU Mrrl "' ° f the tubes 88 

10 Z " " aXlbla lan " SyS "" S UhlCh «W th. tubes 
10 during their travel along the b!ow down lane is 

eliminated Beoause the transporter 20 does not interact 

directly with th. geometry of the tub. bundle 26 for 

moving along th. blow down lane 14, the system 10 can be 

used with oth.r steam g.n.rator designs, „ ith adaptation 

thanV C r PUShed PriMrily Uith SO£t "" e »ther 
than hardware changes. 

Figure 6 schematically shows the positioning ad- 
vantages obtained both during lancin, with jets 60 and 
20 Th""! lnSPeCti ° n " ith «e videoProbe camera system 66. 

el 6 ;;;rr o£ 016 transportar 20 ~ th " * 

the handhole „ in the blotf doun lane ^ 

flexible lance 24 to approach sludge deposits 28 of 

facIl'iL a " 9lin9 ^ £r ° B transporter 20. thus 

25 the ll re " OVal ° f dePOSltS " • The el -ation of 

the transporter 20 also allows the ,l« ibl e lance „ to ^ 

extended for observation behind the tallest sludge piles 
28 likely to be Micountered in practice. 

The rail 18 also allows the flexible lance 24 to 
20 TK MSS *"* Cl ° SaSt intartUb9 ,apS " t= the hand hole 12. 
Z' Z ^ bY haVin ' ^ tranSp ° rt .r 20 extend only pa« 
way through th. handhol. I2, „ ith th. noiUe ^ 

opoosite the int.rtub. gap 86 it is desired to ent.r with 
the flexible lance 24. 

35 art « f ° Uld fUrthar aPParK,t t0 in the 

" Cha '" eS ln tm "* ""ails of the 

invention as shown and described may be made it is 
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intended that such changes be included within the spirit 
and scope of the claims appended hereto. 
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WHAT IS CLAIMED IS: 

1. A system comprising, in combination, a flexible 
means for accessing an assembly having a difficult to 
access geometry, a transporter for said flexible means for 
~ .«*°**™*. means in said transporter for extending said 
flexible means for accessing from said transporter, a 
drive rail extending from an access hole of the difficult 
to access geometry, and at least one transporter drive 
means connected between said transporter and said drive 



2. The system of claim l in which said transporter 
drive means comprises a rack and pinion, said rack 
extending along said drive rail and said pinion being 
rotatably mounted on said transporter. 
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The system of Claim 1 in which said drive rail is 
configured to mount said transporter suspended from said 
drive rail. 



4. The system of Claim 3 in which said drive rail is 
further configured to mount said transporter on top of 
said drive rail. 

25 .v l- Sme ° ° f Clain 1 in " hich "« -™ tor 

: fleXible ^ £ ° r «- a 

™" d T Md fleXlble —» '« —in, 

includes a pl ura llty ot ho les positioned £ or en g a,e B ent by 
said sprocket drive. y 



«• The system of Claim l in which sai(J 
means for accessing comprises an integrally formed support 
comprising a pair of flexible, longitudinally extending 
strips and a plurality of bars joining said pair of 
strips, said plurality of bars each having at least one 
correspondingly p sitioned aperture, and at least ne 
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fluid carrying hose extending along said pair of strips 
through the apertures of said plurality of bars. 

7. The system of Claim 6 in which said at least one 
5 fluid carrying hose includes a high pressure liquid hose 
and a gas line. 
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8. The system of claim 6 in which said flexible 
means for accessing includes an optical cable extending 
along said pair of strips through correspondingly posi- 
tioned ones of the apertures of said plurality of bars. 

9. A flexible means for accessing a difficult to 
access geometry, which comprises an integrally formed 
support comprising a pair of flexible, longitudinally 
extending strips and a plurality of bars joining said pair 
of strips, said plurality of bars each having at least one 
correspondingly positioned aperture, and at least one 
fluid carrying hose extending along said pair of strips 
through the apertures of said plurality of bars. 



10. The flexible means for accessing a difficult to 
access geometry of Claim 9 in which said at least one 
fluid carrying hose includes a high pressure liquid hose 

25 and a gas line. 

11. The flexible means for accessing a difficult to 
access geometry of Claim 9 in which said flexible means 
for accessing includes an optical cable extending along 
said pair of strips through correspondingly positioned 
ones of the apertures of said plurality of bars. 

12. The flexible means for accessing a difficult to 
access geometry of Claim 9 in which said flexible means 

35 for accessing includes a plurality of holes positioned for 
engagement by a sprocket drive. 
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13. The flexible means for accessing a difficult to 
access geometry of claim 9 in which said integrally formed 
support is a plastic. 

5 

14. The flexible means for accessing a difficult to 
access geometry of Claim 13 in which said integrally 
formed support is nylon. 
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AMENDED CLAIMS 

[received by the International Bureau on 18 June 1990 (18.06.90); 
original claims 1-14 replaced by amended claims 1-20 (4 pages)] 
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13 
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1 

2 1. A system including, in combination, a flexible 

3 means for accessing an assembly having a difficult to 

4 access geometry, a transporter for said flexible means for 
accessing, means in said transporter for extending said 

6. flexible means for accessing from said transporter, a 

? drive rail extending from an access hole of the difficult 

to access geometry, and at least one transporter drive 
means connected between said transporter and said drive 
rail, characterized in that said flexible means for 
accessing comprises an integrally formed support 
comprising a pair of flexible, longitudinally extending 
strips and a plurality of bars joining said pair of 
strips, said plurality of bars each having at least one 
correspondingly positioned aperture, and at least one 
fluid carrying hose extending along said pair of strips 
17 through the apertures of said plurality of bars. 

18 

19 2 ' The system of Claim 1 further characterized in 

20 that said transporter drive means comprises a rack and 

21 pinion, said rack extending along said drive rail and said 

22 pinion being rotatably mounted on said transporter 
23 

24 3 ' The system of Claim 1 further characterized in 

25 that said drive rail is configured to mount said 

26 transporter suspended from said drive rail. 
27 

28 

29 

30 

31 

32 5 - system of Claim 1 further characterized in 

that said means for extending said flexible means for 
accessing comprises a sprocket drive and said flexible 

35 means for accessing includes a plurality of holes 

36 positioned for engagement by said sprocket drive. 
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34 



4. The system of Claim 3 further characterized in 
that said drive rail is additionally configured to mount 
said transporter on top of said drive rail. 
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6- The system of Claim 1 f U rrh a . u 

«»t said at least one fluid car J no h eta " et * ri " d " 
Pressure liguid h ose and a gas uL lnClUdSS 3 

7 - The system of Claim l f t ,^u« 

that said flexible m . / r cha "cterized in 

AQ iJ-exible means for accessing j 

cable extendi aiong said pa ir 0( " " 
correspondingly positioned ones o, the a *" ^ 
Plurality of bars. apertures of said 

,eans for *~ comprising, in combination, a flexible 

-oving said " t? 9 3 * W ' a " d 3 transporter for 
loving said flexible means in the tuho „ 

in thai- .»•,, r, Ube ga P' characterized 

that said flexible means for accession , 
integrally fo™oH . accessing comprises an 

1 ongLdiLir::teX\tr P p s ri r; r i of nexibie - 

«d « least one fT C ; CreSPOndi " 9ly PO!i "°" ed •*•»«" 
Pair of \ " rryin3 h ° Se -t-dta, .ion, said 

Pa- =f strips through the apertures of said plurality o, 

that slid a?', ° £ Clai " 8 <UrthSr characterized in 

pressure i T °" h °" "eludes a high 

pressure liquid hose and a gas line. 

that said fl T e h lT te " °' 8 ' Urther ^accented in 

cable ex te„d T* 3CCeSSi " 9 » °P"=" 

16 extending along said oair n f „ • 

PPort comprising a pair of flexible, longitudinally 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 



extending strips and a plurality of bars joining said pair 
of strips, characterized in that said plurality of bars 
each have a first correspondingly positioned aperture and 
said pair of flexible, longitudinally extending strips 
have a second aperture extending longitudinally through a 
first one of said pair of flexible strips and a third 
aperture extending longitudinally through a second one of 
said pair of flexible strips, a first fluid carrying hose 
extending along said pair of strips through the first 
apertures of said plurality of bars, and first and second 
structural safety cables respectively extending along said 
pair of strips through the second and third apertures of 



13 said pair of flexible strips. 
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16 
17 
18 
19 
20 
21 
22 
23 

24 14 
25 
26 
27 
28 
29 
30 
31 
32 



The flexible means for accessing a difficult to 
access geometry of Claim 11 further characterized in that 
said flexible means for accessing includes a plurality of 
holes positioned for engagement by a sprocket drive. 

13. The flexible means for accessing a difficult to 
access geometry of Claim 11 further characterized in that 
said integrally formed support is a plastic. 



The flexible means for accessing a difficult to 
access geometry of Claim 13 further characterized in that 
said said integrally formed support is nylon. 

15. The flexible means for accessing a difficult to 
access geometry of Claim 11 further characterized by 
including a fourth correspondingly positioned aperture in 
each of said plurality of bars, and a second fluid carrying 
hose extending along said pair of strips through the 



33 fourth apertures of said plurality of bars 

34 

35 



36 



16. The flexible means for accessing a difficult to 
access geometry of Claim 15 further characterized in that 
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blocV T aCCSSSing te --^es in a no 22 i e 

;xe sa : rif no2zle biock having a — - - «** 

hose Tnd ^ Said firSt fluid 

connected to T ^ ° f hi * h P™ orifice 
connected to saxd second fluid carrying hose. 

access'!, ^ fl8Xible ^ accessin ° a difficult to 

i r f lit 0 ' Cldim 15 Ch ™^-d in that 

hose and sa h ^ * * ^ pr6SSUre 

hose and saxd second fluid carrying hose is . gas 

access'L T fl6Xible access -g a difficult to 

co fle ^ blS means for accessing includes a fifth 

Z^TTl positioned aperture in — - 

slZ ol \ an ° PtiCal " ble extendin ^ long 

« pi-u; 0 / b ::r through the fifth — - — 

access 1 !! ^ flSXible accessi ^ a difficult to 

si d ° f Claim 11 Ch -cterized in that 

shapes h StrlPS C ° mpriSe a Polity of bead 

hi be aVln9 6ndS ' With ^ of bead 

shapes bexng interconnected with the curved ends of each 

adjacent ones of the plurality of bead shapes. 

access'!' ^ £leXibl6 ~ " 3CCessin o • difficult to 

t uralT^ k ClaiTO 19 Ch «— in that 

the plurality of bead shapes are faceted. 
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